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INTRODUCTION 




The-* 'w.ylab Mill experiment is a continuation of the preflight and pos if light 
/•hromosomal analyses of the air space flight crews that have been performed 
since the Gemini III mission. The experiment is designed with special 
attention to findings suggestive of exposure to ionizing radiation. It has been 
appreciated for some time that increased frequency of chromosomal aberra- 
tion occurs in man following exposure to ioniziqg radiation. Information has 
been obtained by study of persons receiving an’ external body source, such 
as, therapeutic dosage or oTthose accidently exposed. Others receiving 
radiation exposure from an internal source, such as the decay of radioisotopes 
administered for diagnosis or treatment, have also been analyzed. It is 
obvious that interpretation of such data v/ill be fraught with many problems, 
as the radiation exposure may be acute or chronic, partial or total body, 
repeated or a single event. The tissues studied and che time elapsed follow- 
ing exposure have also been quite va,riable. Structural chromosomal aberra- 
tions are also known to occur following exposure to other environmental 
factors such as viruses acquired either through immunization or infection, jo 
various chemicals such as benzene, and to numerous drugs. 


Concern over the possible harm of low levels of radiation exposure centers 
mostly around its association with hereditary damage or malignancy. Essen- 
tially no information is available concerning- radiation effects on the chromo- 
somes of gonadal or meiotic cells of man and estimates of hereditary damage 
are based in large part on theoretical views. It should be remembered that 
we cannot extrapolate findings in somatic cells (in the case under discussion 
circulating lymphocytes) to gametic chromosomal patterns. On the other 
hand concern regarding the cancer hazard in irradiated human populations 
has been suggested by well founded studies (1). A classic example is that 
of patients treated with x-rays for ankylosing spondylitis who have on the 
average a ten-fold increase in mortality from leukemia (2). These patients 
were reported by Buckton, et al. (3) in 1962 to have structural chromo- 
somal damage of cultured peripheral leulcocytes some years after the treat- 
ment. The fact that many agents which produce tumors in man and animals 
can also produce chromosomal aberrations in their cells is clearly established. 
This information coupled with the fact that in several rare human disorders 
(Bloom's syndroro.e, Fanconi's anemia and ataxia telangiectasia) there is a 
constitutional predilection for increased ♦jhromosomal aberration as well as 
an increased incidence of leukemia and lymphoma has suggested that an 
increase in structural chromosomes cannot be ignored. 


These chromosomal aberrations are structural in nature, that is, they arise 
through breakage of the strands of chromatin. These breaks may occur 
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either in one or in both chromatids of a single chromosome or multiple 
breaks may occur in several chromosomes within an individual cell. Follow- 
ing such accidents, the strands may recombine within themselves or the 
broken ends of several chromosomes may combine with each other. Two 
general types of aberrations occur depending on the stage of the cell cycle 
in which the break occurs. If the cell is in the pre-DNA synthesis period, 
chromosome strands are single (chromatids) and if the accident occurs after 
synthesis, the chromosome consists of two chromatids. Chromosomes are 
technically examined in the metaphase stage of division because that is when 
they can be separated as individuals. Replication may or may not have oc- 
curred when we examine the chromosomes of peripheral lymphocytes. In 
general, the pre and post replication aberratioi;is may-be morphologically 
separated, however, in several instances it is impossible to t(sll whether the 
break occurred in the pre-DNA synthesis and’ was replicated, or whether 
both strands were affected after replication. A break will produce a frag- 
ment that is generally lost in the next cell division. 

Separation of the aberrations into chromatid or chromosome in nature is 
useful as the type of structural defect occurring in humans as a response 
to a specific exposure has varied with the agent to which the person is ex- 
posed. 

It is with these considerations in mind that the NASA program has wisely 
considered cytogenetic studies important in past years and has especially 
concentrated on such aspects in the Skylab program with extended missions 
and possible increase in radiation exposure. 

MATERIALS AND METHODS 

Study of the chromosome patterns of the three Skylab missions follows a 
similar pattern. Bloo'd lymphocyte studies were obtained on the crew 
members, the backup) crew until it was apparent that they would not replace 
the crew, and from the control group consisting of three persons in the 
NASA program who would have an environment somewhat similar to the 
crew over the experimental period except for the flight. Venus heparinized 
blood was drawn either at the Johnson Space Center or the Kennedy Space 
Center in one to two milliliter aliquots and was obtained at the time of drawing 
for other medical procedures. The cultures were instituted at the University 
of Texas Medical Branch on all occasions except for two. Each sample was 
allowed to settle and five to seven drops of the buffy coat were placed in 
Chromosome Medium lA. Four such cultures were initiated on each person 
from each blood drawing. The cultures were then incubated for a period of 
60 to 70 hours at 37° C and processed by a modifier method of Moorehead (4). 
Colcemid was added to a concentration uf 0. 1 pg/ml for two hours. The cell 
suspension was then treated with a hypotonic solution followed by numerous 
washings with fixative (3 methanol: 1 acetic acid). Slides were prepared on 
the same day by flame drying and the cells stained with Wright's stain. The 
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slides were coded and a minimum of 200 cells were examined from the Skylab 
2 specimens while a minimum of 100 cells were examined on each specimen 
from the Skylab 3 and Skylab 4 missions. All mitotic cells were found on 
low magnification and then examined under high magnification. Each cell was 
counted and a search was made for any type of structural defect. When an 
abnormality was found that could not be completely delineated visually or if 
a structural rearrangement wc.s detected, the cell was photographed for 
further analysis by karyotyping. This was an attempt to determine whenever 
possible the chromosome and/or chromosomes involved in the aberration. 

The cells were scored for the following structural,arrangements: chromatid 
and chromosome constrictions and gaps (not to be considered in this paper); 
chromatid and chromosome breaks, fragments,' and deletions (to be referred 
to as minor defects); and dic.entrics, rings, inversions, translocations, and 
exchanges (to be referred to as structural rearrangements). 

Blood lymphocyte studies were obtained on eleven occasions preflight and 
eight instances postflight from the Skylab 2 mission. Similar studies were 
obtained on five and six instances respectively during the Skylab 3 mission. 

A total of 80 specimens fi'om Skylab 2 and 77 from Skylab 3 were processed. 
These have previously been reported (5). Tables I and II are the data derived 
from the studies in Skylab 2 and 3 respectively. 

The results of the cytogenetic analysis of lymphocytes of the Skylab 4 astro- 
nauts, controls and the backup crew are shown in Table III. All but two 
specimens were sucessfully cultured and harvested. It was possible to obtain 
a repeat study on one occasion so data is lacking in only one instance. There 
were 42 preflight specimens and 36 postflight specimens analyzed. 

RESULTS AND DISCUSSIONS 

The results of the studies of the Skylab 2 mission are shown in Table I. There 
were four studies that were unsuccessful. These involved the recovery day 
specimens of the crew and of one control. These cultures were instituted 
aboard ship and transported by portable incubator with variable temperature 
range and this was considered to be the' source of the problem. There were 
no individual studies from this mission that demonstrated greater than 8. 0 
percent minor structural defects except for one on subject L, a control. 

In only 16 specimens did such aberrations appear in from 5. 0 to 7. 9 percent 
of the cells examined. In our laboratory under similar technical conditions 
where 13, 000 cells a year are counted and analyzed, it is expected that 3 to 
4 percent of the cells analyzed will show one or more breaks, deletions or 
fragments. In other laboratories with varying preparation of cells for study, 
this aberration incidence may even be greater. These defects are known to 
increase in periphej al leukocyte cultures of persons following a viral illness, 
such as measles or adenovirus, after administration of viral vaccines, after 
certain diagnositc x-ray studies, and after exposure to certain chemicals. 
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This increase in response to such exposures is in general only temporary, 
and little can be suggested as to harmful effects. 

Various radioisotope injections were administered to crews and controls 
alike in all the Skylab missions. In Skylab 2 only one blood culture on each 
person was instituted prior to such administration (Table IV) and no one in 
the crew, backup crew, or control group had greater than 3. 86 percent 
aberrations on the first study. This may well be chance because at various 
other occasions throughout the experiment, each person demonstrated such 
low values. It is quite possible that control L had a v’iremia at the time in 
which the 11.51 percent aberrations were found, and throughout the remainder 
of the study his values returned lo expected levels! It is noteworthy that in the 
first culture there was one cre\vmember and one control with evidence of 
breakage and recombination, This is not characteristic of the general popu- 
lation. It has been reported that such aberrations as dicentrics, rings, 
inversions and exchanges occur very rarely. Bloom, et al. (6) found only 
one dicentric and no rings in 7188 cells examined. Bender, et al. (7) reported 
3 dicentrics and no ring chromosomes in 1642 colls from normal, unirradiated 
individuals. In our experience, it is less common. Figure I consists of 
abnormalities detected in Skylab 2. 

It was realized in consideration of Skylab 2 data, that neither the crew nor 
the control group are members of the "general population". In the professional 
lifetime of such men tliere are many and varied experiences in comjaarison to 
those of the general population. No chromosomal analyses on these men were 
performed prior to their entrance into the NASA program. Gooch and Berry 
(8) reporting on the chromosome aberrations of the Gemina astronauts had 
also noted an occasional dicentric or ring chromosome. In reviewing the 
medical log of Skylab 2, such potential problems as exposure to various gases, 
high temperatures, to the atmospheric conditions inflight, and in fact to 
weightlessness have to he considered as possible factors associated with 
chromosomal breakage Prince, et al. (9) reported observations on man in an 
oxygen-helium environment and included chromosomal study. They noted up 
to 4 percent chromatid type lesions in the subjects. There are virtually no 
other good studies in regard to such a special environment. There was very 
good documentation regarding illness and drug ingestion in the astronauts of 
Skylab 2 and comparison of this data with the chromosomal pattern does not 
suggest a cause and effect relationship. 

One or more structural rearrangements in 250 cultured cells is unusual, how- 
ever, in the Skylab 2 study there appeared to be no remarkable difference in 
the crew and the control group in regard to such aberrations as they occurred 
spoi*adically throughout the studies. One factor common to both groups, how- 
ever, appeared to be that of the administration of the radioisotopes for various 
metabolic studios. There did not appear to be an increase in such aberrations, 
however in the crew members following the mission. Tlie culture failure that 
was noted on the initial studies after recovery was thought to have been the 
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result of difficult culture conditions. In personal communication, however, 
with Dr. S. E. Ritzman (experiment MH2), it was realized that they may be 
related to defective lymphocyte transformation and/or DNA synthesis as his 
studies suggested on the day of recovery. In summary, the results of the 
Sky lab 2 mission seemed to indicate that the flight itself was not a major 
contributing factor to chromosomal breakage or structural rearrangements. 
Repeated isotope injections were thought to be a likely etiological factor. 

The results of the cytogenetic analysis of lymphocytes of the Skylab 3 astro- 
nauts, backup crew and controls are shown in Table II. All but one specimen 
was sucessfully cultured aiad harvested. Only one* individual study had greater 
than 9. 00 percent minor structural defects. This sarnple was that of control 
(ECB) on 7-19-73, 10 days preflight. By 7-27-*73, 2 days preflight, the per- 
centage had decreased 2. 24 percent. In six instances throughout the study 
period, these aberrations were found in from 5. 00 to 9. 00 percent of the cells 
studied. Structural rearrangements were noted sporadically throughout the 
study on from one to three occasions in each of the subjects analyzed. Two 
crew members, in fact, exhibited one such abnormality in the first specimen 
obtained. One control subject (PB) failed to show such an aberration until the 
last study. Table V lists the radioisotopes administered to the crew and con- 
trols during the Skylab 3 study. These were injected on the day specified but 
only after blood was obtained for chromosomal study. Structural rearrange- 
ments appeared to occur randomly throughout Skylab 3 while in Skylab 2 it 
appeared that these aberrations occurred more consistently postflight in 
both crewmembers and controls than in the preflight period. Again, the 
flight does not seem to be a significant contributing factor to the appearance 
of structural rearrangements in Skylab 3 since one cannot distinguish pre 
and post flight studies in this regard. 

Various other factors such as medication and weightlessness were again 
considered as well as the discrepancy in the length of the Skylab 2 mission 
(28 days) with that of the Skylab 3 (59 days). One might suspect that a more 
prolonged exposure to numerous variables including ionizing radiation would 
result in the increased frequency of significant chromosomal aberrations. 

This was not apparent and the longer time may have in fact allowed for dis- 
appearance of abnormalities from the lymphocytic chromosomes if these 
occurred early in the 59 day mission. It is reported by Bloom and Tijo (10) 
that partial-body x-irradiation, at diagnostic-level kilovoltage, is capable 
in som.e cases of producing chromosome damage in vivo in man. A majority 
of the patients studied were normal within two weeks. Again, in the Skylab 
3 mission, it seemed that the more minor structural chromosomal defects 
were not significantly increased in the crews or the controls over that of the 
general population. except in several individual studies. The incidence of 
structural rearrangements again appeared increased over that for the normal 
population but the etiology and significance of these aberrations is not apparent. 
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The results of the cytogenetic analysis of lymphocytes of the Skylab 4 
astronauts, controls, and backup crew are shown in Table III. There were 
seven specimens with greater than 9.00 percent minor structural defects 
as compared to only one in the Skylab 3 studios. All of these occurred 
postflight. One control (DGW) on 2-9-74 had 10. 28 percent. On all other 
occasions that his chromosomes were analyzed minor defects were detected 
in less than 5. 00 percent of the cells. One could again speculate that this 
single episode might have been associated with a viremia. On 2-22-74, the 
crew commander and control WCA had 9. 00+ percent breaks and fragments. 

On 3-1-74, the scientist pilot and controls ECB and WCA had from 9.52 to 
11.01 percent minor structural defects. Of the^42 preflight studies, only 
two specimens demonstrated from 7. 00 to 9. 00, per cent minor errors (control 
ECB on 10-26-73 and backup crew member Br on 11-3-73). Out of 36 post- 
flight analyses, 12 studies showed from 7. 00 to 9. 00 percent minor defects. 

On recovery day, neither crew nor controls showed greater than 7.00 per- 
cent defects. (WCA culture showed no mitoses. ) 

Control WCA had the most erratic culture results throughout the mission. 

There were two occasions in which his culture showed no mitoses for analysis. 
His first study was attempted on 10-12-73 and was misuccessful. It was re- 
peated on 10-18-73 at which time he demonstrated three structural rearrange- 
ments along with 5. 56 percent minor defects. He also had an unsuccessful 
study On 2-8-74 and this could not be repeated. His studies showed from 
0. 00 to 9. 52 percent minor aberrations. It is interesting to note that WCA 
served as control in Skylab 2 as well as in Skylab 4. In Skylab 2 he had 14 
structural rearrangements in 3296 cells examined. In Skylab 4 there were 
5 in 1122 cells. There may be important data in the medical history of WCA 
unknown to the author since a medical log is not available on the controls. 

One might consider repeated intermittent multiple isotope injections as an 
etiologic factor. This seems unlikely after reviewing the studies of ECB, 
another control, who served in two missions, Skylab 3 and 4. He showed 3 
structural rearrangements per 13 54 cells and 3 per 1239 cells respectively. 

Skylab 4, an 84 day mission, was three times as long as Skylab 2 of 28 days 
and 25 days longer than the Skylab 3 mission. On review of the medical log 
of Skylab 4, there were again numerous environmental variables. Members 
of this crew used more sleep medications than the other two crews, took 
more medications for decongestion and spent longer hours exercising than 
the other crew members. Dosimetry results showed that dose equivalents 
of ionizing radiation received by .‘kylab 4 crew men were the highest received 
in any NASA mission to date, although still within acceptable limits recom- 
mended by the Radiobiological Advisory Panel (11). These dose equivalents 
apply specifically to long term effects such as generalized life shortening, 
increased neoplasm incidence, and cataract production. Isotope injections 
were administered to this crew as shown in Table VI. Structural rearrange- 
ments occurred in one control and three crew member studies before the 
first injection on 10-26-73. There appears to be no remarkable increase 
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in pex"ccntage of minoi* structural defects following this injection and prior 
to flight. 

When one compares the total preflight cells examined for minor structural 
defects on a specific individual to the postflight data it appears that each 
crewman had a significant increase. (C from 2. 50 to 6. 05 percent, G 
from 2. 05 to 6. 30 percent, and P from 3. 99 to 6. 55 percent. ) This is not 
as suggestive for the controls. (WCA from 3.63 to 5. 34 percent, KCB fro’.n 
4. 32 to 4. 10 percent, and DGW from 2. 83 to 4. 53 percent. ) This may be 
linked to the extended exposures of the crew. 

SUMMARY 


t t 

In summary, the crews of the Skylab missions and their control counterpa ris 
appear to have an increased incidence of structural rearrangements in lympho 
cyte chromosomes over that of the general population. There are numerous 
exposures that might be associated with these chromosomal findings and one 
or more specific etiologic factors could not be found. The scientific infor- 
mation regarding chromosomal structural rearrangements on a large number 
of healthy persons is meager but suggests that the population discussed in 
this report is somewhat different. There did appear to be an increase in 
postflight minor structura.1 defects over that of preflight studies in Sltylab 4 
crewman. 

There are several aspects of this experiment that could be improved upon in 
future programs. There should be another control group composed of healthy 
age and sex matched individuals in an environment disassociated witli NAS*\. 

A larger number of preflight specimens should be studied. For various 
technical reasons, known to cytogeneticists, the time of specimens in cultvive 
should be decreased in future studies. 

I strongly recommend that we receive specimens for study from the crew- 
men and controls of the Skylab missions on a yearly basis in order to learn 
what we can about the persistence of the chromosomal aberrations in this 
population. I would also request that we be infornaed of any significant delnye 
responses that might be considered related to these missions. It would seem 
important in the future to analyze the chromosome patterns at the initial 
entrance into the NASA mission programs much as is done in industry where 
environmental factors may be hazardous and different. 
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Figure 1. Skylab abnormalities. 



